INTRODUCTION
============

Implant treatment success depends on achieving adequate osseointegration, which is defined as a direct and structural relationship between the surrounding living bone and the implant surface. The process of osseointegration may be compromised by errors in the drilling technique or blood and saliva contamination of the site causing subsequent histological changes \[[@B1]\]. Considering the continuous salivary flow into the oral cavity, risk of saliva contamination in dental procedures like periodontal surgeries, implant placement or tooth extraction is high \[[@B2]\]. The saliva contains antimicrobial enzymes, cytokines, growth factors, growth hormones and proteins involved in immune responses, inflammatory reactions and cell proliferation \[[@B3]--[@B6]\]. On the other hand, osteoblasts are the most important cells in the process of osseointegration. Electron microscopic observations have shown that, following the first day of implant placement, osteoblasts form direct and firm attachments to the implant surfaces \[[@B6]\].

However, to date, only one study has assessed the effect of saliva on osteoblast cells \[[@B2]\]. The results of the afore-mentioned study showed that the presence of saliva reduced the number and differentiation of osteoblasts compared to the non-saliva-contaminated control group; also osteoblast differentiation markers such as ALP were produced in smaller amounts in the saliva-contaminated group. Despite years of study on dental implants and the effect of various factors on their success rate, yet no experimental study has evaluated the effect of saliva-contaminated implant surface on the behavior of osteoblasts. Therefore, the aim of this in vitro study was to evaluate the effect of saliva-contaminated implant surface on the morphology and differentiation of human osteoblasts.

MATERIALS AND METHODS
=====================

Cell culture:
-------------

The cell culture medium was prepared by combining Dulbecco's Modified Eagle's Medium (DMEM) with Ham's F12 nutrient mixture and 10% fetal bovine serum (FBS). To prepare the DMEM culture medium, 10 g of powdered DMEM containing L-glutamine with 7.3 g of sodium bicarbonate powder, was dissolved in 900 mL of deionized water. Using 1 normal HCL solution, pH of the solution was adjusted to 4.7 and the medium volume was reached to 1000 mL. Finally, the medium was sterilized using 0.22 micron filter. Then, 100 μg/mL of streptomycin and 100U/mL of penicillin were added to the above-mentioned solution. The above-mentioned steps were followed for preparation of Ham's F12 medium as well. The only difference was that, 9.8 g of F-12 nutrient mixture powder, containing L-glutamine, with 1.8 g of sodium bicarbonate powder were dissolved in 900 mL of deionized water \[[@B7]\]. After the flask bottom was fully covered with osteoblast cells, flask medium was evacuated and the cells were washed with phosphate buffered saline (PBS). After removing the PBS, Trypsin enzyme was added to the flask and incubated at 37 ° C for 3--5 minutes.

The flask was removed from the incubator and the cells detached from the bottom of the flask were transferred to a 15 mL tube. After adding the culture media to the trypsin immersed cells, the cells were centrifuged and the cell suspension was diluted to 5×10^5^ cells/mL.

Saliva collection:
------------------

Saliva sample was collected immediately prior to starting the tests from a 33-year old female volunteer, who had not taken antibiotics during the past 3 months, was systemically healthy and had normal periodontium and no caries. Then, filtration with 0.22 micrometer filters (Millex-GV Filter) was done for the purpose of sterilization \[[@B2],[@B8]\].

Preparation of samples:
-----------------------

Twelve Axiom (Anthogyr-France) dental implants (4x10mm) were divided into two groups of six each. Implants in the case group were placed in saliva containers for 40 minutes. Six other implants remained uncontaminated as the control group. Then, all implants were separately placed in a medium containing human MG63 osteoblasts in cell culture dishes for a week.

Alkaline phosphatase (ALP) activity:
------------------------------------

ALP is an indicator of osteoblast activity \[[@B9]\]. One week after \[[@B10]\] cell culture, 6 μL of each implant medium was prepared and added to the mixture of 294 mL of diethanolamin (1 M, pH 9.8, 10 minutes), with 60 mM of 4-nitrophenylphosphate-Na and its absorbance was measured at 405 nm with a UV spectrophotometer for 5 minutes \[[@B2]\].

Scanning electron microscope (SEM) examination:
-----------------------------------------------

After one week, implants were washed twice with PBS, cells were fixed with glutaraldehyde, and washed with dehydrated alcohol. Then, samples were sputter-coated with 15 nm thickness of gold. The cells were examined using VEGA SEM (Tescan-Czech Republic).

After generating vacuum, an image of the topography, morphology and cell adhesion to the implant surfaces was captured.

Statistical analysis:
---------------------

In order to compare the optical density (OD) in the two groups, Kolmogorov-Smirnov test (KST) was first used to evaluate the normal distribution of data and then independent t-test was applied to compare the two groups. All calculations and statistical analyses were done using SPSS 16.0.

RESULTS
=======

Cell morphology:
----------------

Fibroblasts attached to the saliva-contaminated implant surfaces were round or rectangular with fewer and shorter cell processes. While in the non-saliva-contaminated samples, the majority of cells were elongated and fusiform and had more and longer cell processes ([Fig. 1](#F1){ref-type="fig"}). Due to the overlapping of cells on the implant surface, cell counting was impossible. This was observed in all cell sites \[[Fig. 1](#F1){ref-type="fig"}\].

![SEM micrographs of saliva-contaminated implant surface (left) and control (right). Saliva contamination hampers cell proliferation; whereas the control group showed well-defined cell morphology and differentiation.](JOD-12-424-g001){#F1}

Alkaline phosphatase:
---------------------

The mean and standard deviation of ALP level in the case and control groups are presented in [Table 1](#T1){ref-type="table"}. The level in the case group was less than that in the control group and this difference was statistically significant (P\<0.05).

###### 

Alkaline phosphatase level of MG63 osteoblast cells in case and control groups

  **Group**     **Minimum (OD)**   **Maximum (OD)**   **Mean ± SD**   **Coefficient of Variation**
  ------------- ------------------ ------------------ --------------- ------------------------------
  **Case**      52                 75                 65.5 ±7.55      0.115
  **Control**   99                 76                 85.8 3 ± 9.23   0.107
  **P value**                                         P\<0.05         

DISCUSSION
==========

The interaction of cells with the surface of materials is a major topic in tissue engineering in both the clinical and experimental settings. In this respect, surfaces can directly influence tissue reaction (response), and consequently, affect the quantity and quality of newly formed tissue. Currently, the basic idea in implant treatment planning is to provide a bio-compatible surface \[[@B11]\].

Surface of implant plays a major role in modulating bone response and implant anchorage \[[@B12]--[@B14]\]. Saliva contains a wide range of cytokines, growth factors and hormones playing roles in the immune and inflammatory responses and also cell growth in oral tissue \[[@B4]--[@B5]\].

Also, the saliva significantly accelerates oral mucosal wound healing \[[@B3],[@B4]\]. However, little information is available on the response of osteoblasts to saliva contamination. The current study sought to illuminate this issue. Previous studies on cell adhesion to saliva-contaminated implant surfaces were mainly done on fibroblasts \[[@B8],[@B15]\].

Zoller and Zentner observed a significant decrease in fibroblast adhesion to surfaces immersed in serum or saliva \[[@B8]\]. Thus, it was stated that saliva contamination of implant surfaces during placement or treatment of peri-implantitis may compromise cell adhesion. Gabriel et al, in their study on osteoblasts found the same results as ours regarding saliva or salivary mucin contaminated surfaces \[[@B15]\]. To the best of our knowledge, the current study is the first to assess osteoblast reactions to saliva-contaminated implant surfaces. The only study that evaluated the effect of saliva on osteoblasts has been done in a medium without implants \[[@B2]\]. The results of the current study showed that on non-saliva-contaminated surfaces, cells were elongated and fusiform with more and longer cell processes. In contrast, presence of saliva led to morphological changes in MG63 human osteoblasts from the elongated form with long processes to circular cells with short processes, indicative of decreased cell differentiation. Following the reduction in cell differentiation, mineralization is also decreased impairing the normal process of osseointegration and compromising the success of dental implants. These observations are consistent with in vitro findings of Proksch et al \[[@B2]\].

They studied the effect of saliva on morphology and differentiation of MC3T3 mouse osteoblasts and stated that, in addition to the reduction in number of osteoblasts, the ability of cells for growth and differentiation strongly decreased and they attributed these findings to the observed reduction of osteocalcin and ALP activity, as they are the key markers of osteoblast cell differentiation. In the current study, decrease in ALP activity was also observed along with the above-mentioned morphological changes, but in samples without saliva contamination, this enzyme had normal activity. Although we did not evaluate salivary markers of inflammation or the extracellular matrix(ECM) mineral content in this study (which are important in cell behavior), others have confirmed that saliva harms osteoblast-like cells mainly by its enzymatic content rather than by triggering inflammation \[[@B2]\]. Regarding the ECM, it should be mentioned that more frequent presence of globular and round cells around the saliva contaminated surfaces may indicate reduced ECM consistency, although it may contain the same calcium content \[[@B2]\]. The higher calcium content was shown to be related to osteopontin, a sialoprotein, which does not act as a nucleator of calcium salt precipitation even though other members of the family of phosphorylated sialoproteins do so \[[@B16]\]. The strength point of the current study compared to previous ones is the use of human osteoblast cells which has not been done before, and this makes the present study unique. ALP is a glycoprotein and a common biochemical marker used to assess osteoblast differentiation and is considered to be involved in skeletal mineralization. ALP is abundantly found in matrix vesicles and plays a role in formation of ECM and calcification of bone. The level of ALP is increased just before the mineralization is initiated \[[@B17]--[@B18]\].

The observations by Proksch et al, and the present study do not confirm the published data regarding the effects of saliva on oral soft tissue cells such as fibroblasts or keratinocytes \[[@B2],[@B4]--[@B6]\]. Although we did not evaluate the salivary enzyme activity, studies have indicated that mucin and salivary enzymes would best serve this purpose \[[@B17]--[@B18]\]. This phenomenon along with the collagenase and other enzymes capable of remodeling ECM may further confirm the existing observations \[[@B19]\]. Saliva preparation method in the current study was a standard method, which indicates that in spite of filtration and sterilization, saliva contains significant amounts of the afore-mentioned enzymes \[[@B2]\]. Thus, the reported observations and experimental evidence are not merely an in vitro artifact. From the clinical point of view, it is assumed that this mechanism causes a delay in wound healing around saliva-contaminated roots, bone and implant surfaces, as a consequence of decreased cellular adhesion \[[@B17]\]; however, it is important to note that the mentioned observations, may appear different to some extent in the clinical settings. In vivo, saliva contains significant amounts of microorganisms and also oral tissue cells. Therefore, it should be noted that the behavior of attached cells may even be more affected in the clinical setting. The findings of the present study indicate the need for further studies on different surface micro-designs and also in different clinical settings like in smokers to shed light on the role of saliva in implant success.

CONCLUSION
==========

Dental implants contaminated with saliva cause a reduction in osteoblast cell differentiation, and may subsequently interfere with the osseointegration process and compromise implant success. In the clinical setting, saliva contamination of implant must be prevented during implant placement.
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